Abstract. The purpose of the present study was to investigate the geographical distribution and time trends of the incidence and lethality of esophageal cancer (EC) in Brazil. The present study conducted an ecological study of EC using records from January 2005 to December 2015 in the Health Informatics Department of the Brazilian Ministry of Health (DATASUS) registry. In addition to demographical data on the population, EC incidence and lethality rates were estimated from hospitalizations and in-hospital mortalities and were adjusted by total available hospital beds. The adjusted EC rates per 100,000 increased from 9.1 in 2005 to 12.1 in 2015. The prevalence among males increased from 69 to 78%, while the female rates remained stable over the same period. Although EC was the most common in South and Southeast Brazil, the rates increased proportionately more in the other regions of the country, especially among males. Geographical analysis revealed higher rates of EC in more urbanized areas, with a coast-to-inland gradient. While rates increased in people older than 50 years, they decreased among people below this age. However, the lethality rates remained stable and high during the study period, overlapping with hospital admission rates. The recent increasing trend in the EC incidence, with shifts from the south towards the north and from more urbanized towards rural areas, suggests that environmental factors are crucial in EC pathogenesis. The concentration of EC in South Brazil may reflect the presence of major environmental factors in association with a possible genetic predisposition. The unchanging high mortality associated with EC in the rapidly aging population suggests that EC will continue to impose a significant social and economic burden in the future.
Introduction
Recent estimates indicate that esophageal cancer (EC) affects approximately half a million people worldwide, and its incidence continues to increase (1, 2) . Currently, EC is the eighth most common incident cancer in the world and has been characterized by its poor survival rate (3, 4) . Although esophageal carcinogenesis has not been fully elucidated, EC is thought to result from complex interactions between host and environmental elements (5) .
While some risk factors for EC have already been recognized, they may have some peculiarities depending on the major subtype: Squamous cell carcinoma (ESCC) or adenocarcinoma (EAC). More common in males than in females and among blacks than among whites in the United States, ESCC has been consistently associated with smoking and alcohol consumption. In contrast, EAC is 8-fold more common among males and 5-fold more common in whites than in blacks in the United States (6) . Although tobacco is also a known risk factor for EAC (7) , chronic gastroesophageal reflux disease (GERD) is believed to represent the most important underlying mechanism, either directly or through the induction of a preneoplastic lesion, which is known as Barrett's esophagus. Notably, the increased incidence of GERD and Barrett's esophagus in the last few decades has been correlated with an increased incidence of EAC in the Western population (8, 9) . Obesity has also been implicated in the increased risk for EAC (10, 11) , either through the association with GERD or through inflammatory mediators produced by adipocytes (6) .
Although ESCC predominates worldwide, recent data from Western European countries, the United States and Australia point to a marked increase in the EAC subtype (2) . In contrast, ESCC continues to represent the most common type of EC in South America and in the 'Asian esophageal cancer belt' (12) . Indeed, in some areas in China, the ESCC incidence reached more than 100 cases per 100,000 person-years (13, 14) .
Further investigating the etiopathogenesis, including the epigenetic modifications involved in esophageal carcinogenesis (15,16), will be fundamental for explaining the increase (17) and for unveiling underlying mechanisms that may impact future therapies for EC. Meanwhile, understanding the epidemiology of EC will hopefully be the key to elucidating risk factors and potential causes and may become the cornerstone of preventive strategies. Therefore, the aim of this study was to analyze the geographic distributions and time trends of the EC incidence and lethality in Brazil to identify areas with differential risks and outcomes of EC.
Materials and methods
Data source. The study methods have been described in similar previous studies from our group elsewhere (18, 19 ). This population-based health and disease registry includes information such as medical procedures, hospital admission and discharge, mortality, and demographic data, covering approximately the entire population. Hospital discharge records were used to estimate the EC incidence. All data is anonymous archival data that does not allow for the identification of individual subjects; therefore, the requirement for ethical approval was waived. We assumed that hospital-based procedures for either EC diagnosis or treatment would reflect the actual disease numbers.
Study design, population, and variables. We performed an ecological study using the DATASUS registry and searched for the most recent and consistent information containing complete data entries of hospitalizations due to EC. Ecological studies allow geographic and temporal analyses of risk factors potentially involved in the development of diseases in a given population. We analyzed all cases from January 2005 to December 2015 for which a diagnosis of EC was assigned. The period of study was defined according to the most consistent data available in recent years. The data included the town of residence during hospital admission and death, and patients were categorized by gender and age; for the latter category, individuals were stratified as <20 years, 20-49 years, 50-69 years, and >70 years of age. Standardized rates regarding the incidence (the rate of new hospital admissions for EC) and lethality (the capacity of EC to cause intra-hospital death) were estimated from hospitalizations. For the geographic distribution analysis, EC hospitalization rates were obtained per 100,000 inhabitants in the individual municipalities. (Fig. 1) . Next, we analyzed the distribution of EC according to the age at diagnosis using age-standardized rates of hospitalizations. Very few cases were observed below the age of 20 years; therefore, the data are not shown (Fig. 2 ). Relatively low rates of EC were detected within the population below 50 years of age. In this age group, both male and female hospitalization rates fell from 2005 to 2015, especially among females for whom rates decreased more than 3-fold. In the age range of 50-69 years, we observed an increase of approximately 32% among males in contrast to a decrease of almost 5% among females. Above the age of 70, we detected an increase of approximately 20% among females ( Fig. 2A ) and an increase of more than 35% among males (Fig. 2B ) in the same period.
Lethality rates from EC. Regarding EC-associated lethality, considering gender, rates remained relatively stable during the period analyzed (Fig. 3) .
The age-standardized analysis revealed that lethality among males also remained stable over the 11-year period, with only a slight increase in cases below 50 years of age (12% in 2005 and 16% in 2015) (Fig. 4A ). Among females under 50 years of age, the rate increased from 5% in 2005 to 15% in 2015 (Fig. 4B) . In both genders, a slightly increased lethality rate was observed among people over 70 years old.
Geographic distribution of EC. During the study period, an overall 33% increase in estimated EC rates in Brazil was noted, which was mainly driven by men aged 50 to 69 years (+32%) and both men and women aged 70 years or older (+36 and +20%, respectively). Marked increases in EC rates were observed in all five major regions of the country, particularly in the Central-West region with an increase of 61% in the period. The Southeast, Northeast and North regions also showed notable increases (51, 51 and 48%, respectively), while the South region had the lowest increase (35%).
Because of the economic and demographic disparities of Brazil, we utilized a model that classifies municipalities according to population and demographic density as rural small (<50,000 or <80 inhabitants/km), rural medium (≥50,000 or ≥80 inhabitants/km, even if the population is <50,000 inhabitants), and true urban centers (>100,000 inhabitants) (20) . To analyze the trend of the Brazilian population to congregate in large urban centers, EC incidence and lethality rate data were collected considering municipality size and relations to metropolitan regions. Large municipalities comprise 86% of the metropolitan-integrated population. Municipalities integrated or not integrated into metropolitan regions had increases in the EC incidence of 24 and 39%, respectively, between 2005 and 2015. In this period, we observed increases in EC in small municipalities integrated (127%) and in large municipalities not integrated (131%) into metropolitan regions. Regarding the lethality rate, the most notable increases were observed in medium and large municipalities not integrated into metropolitan regions (14 and 17%, respectively; Table I ).
Municipal rates of hospitalization and in-hospital death for EC were calculated per 100,000 inhabitants and were plotted on maps per major region in the years 2005 and 2015 and are shown in Figs. S2 and S3 in the appendices.
Discussion
The results of the present study indicate that the EC incidence has increased, while the lethality rate has remained stable from 2005 to 2015 in Brazil. In addition to the male predominance in EC, we observed an increase among individuals older than fifty years in contrast to a decrease among individuals under fifty years of age. The geographic distribution of EC demonstrated a higher concentration in the South region but also revealed a greater relative increase across the other regions of the country.
The considerable discrepancies in the worldwide EC incidence (1) are probably because ESCC and EAC are associated with different risk factors. EC is estimated to occur 3-4-times more often in males (1, 5) , and the difference is more marked for EAC for which sex ratios (M:F) range, for example, from 5:1 in France to 10:1 in the United Kingdom (21, 22) . A rapid increase in EAC among males was also observed in the United States in the last four decades (23) . Here, we found an average ratio of 3.6:1 (M:F), which is more compatible with the predominance of the ESCC subtype. The male propensity may be attributed to the greater concomitant exposure to the main risk factors for EC, including tobacco and alcohol (24) . In contrast, gastroesophageal reflux disease and obesity, which are important risk factors for EAC, do not justify the disproportionate gender bias towards men (25) . Currently, almost one in five Brazilians are considered obese (26) . However, similar to data from European countries and the United States, trends for the EC incidence, including EAC, do not match corresponding trends in obesity (27) . While the reasons for male predominance in EC remain incompletely understood, a role of androgens and androgen receptors has been recently suggested (28, 29) .
The gradual increase in EC should be further analyzed considering the sociodemographic changes and inequalities among the municipalities and regions of the country. Large metropolitan municipalities and the highest development indices are usually associated with the South and Southeast regions. In this sense, in addition to smoking and alcohol, other factors, including obesity, high consumption of processed foods, low fiber intake, the aging population, improvement in the human development index (HDI), and the Human Inequality Coefficient (30-33), may be operating in concert to cause changes in EC epidemiology. Interestingly, other studies had already identified South and Southeast Brazil as regions with higher frequencies of cancer cases (34, 35) . Similar to recent ecological studies from our group pertaining to gastric cancer (18) and pancreatic cancer (19) , the hospitalization rates were higher in the South and Southeast regions, whereas in the North and Northeast regions, the rates were the lowest in the country. Here, the highest rates of EC were observed in areas of greater economic development, which also have a higher HDI and lower social vulnerability indices (SVIs). Although the highest EC rates in Brazil were found in the South and Southeast regions, the greatest increase occurred in the Central-West region, followed by the North and Northeast regions. Although indices of social development usually identify multiple deprivations in North and Northeast Brazil, these regions exhibited the greatest advances in the last two decades as the HDI increased 36.4% and the SVI decreased 27% between 2000 and 2010 (32, 33) . Moreover, the gross product of the Northeast increased 3% in 2012, which is greater than three-fold compared to the national average (36) . Socioeconomic development may have allowed better access to health services and improvements in facilities, affecting the quality of diagnosis, documentation, and treatment in general. This development may also justify the largest increases in EC rates within small metropolitan cities and large cities in nonmetropolitan regions.
The time trends of the age-stratified groups show an increased EC incidence among males aged 50 years or more, a phenomenon usually attributed to accumulated environmental exposure (37, 38) . This finding suggests that exposure to risk factors for EC probably differed between male and female patients. Here, we noted a marked increase in EC among males in the age groups above 50 years, while among females, we noted only a small increase in the age group over 70 years. The overall tendency for increases apparently accompanies the increased longevity observed in the country. Recent data indicate that Brazil has the sixth oldest population in the world, with an increase of approximately 500% in the last four decades (39, 40) . In addition, the relative decrease in EC rates among people under 50 years may reflect a more recent reduction in environmental exposure, such as smoking. Although the country's population is progressively growing older, changes were not relevant in the relatively short period analyzed in this study. Moreover, the subgroup analyses including age-standardized and gender incidences used rates considering relative differences within each municipality unit. Thus, changes in the EC incidence have been considered to be probably related to the different municipalities characterized by specific environments and individual particularities.
Smoking, one of the most important factors related to EC, has dropped almost 30% in the last decade in Brazil, and rates are higher among men (14.4%) than among women (8.6%) (41, 42) . Moreover, smoking is more prevalent in the South and Southeast regions where the highest rates of EC are also observed (41) . Actually, the highest smoking frequencies in the country are located in two large metropolises in South Brazil: Porto Alegre, 25.2% and Curitiba, 21.5% (41, 43) . Notably, Brazil is currently one of the largest tobacco producers in the world, and the South region accounts for 98% of the country's tobacco farms (44, 45) . In particular, Brazilian tobacco farmers show a higher frequency of smoking (31%) than the rural male population as a whole (46) . Some other lifestyle factors, however, may also act directly on the esophagus and be implicated in EC. For instance, ethanol consumption, especially together with smoking, is also a well-recognized factor related to EC. For example, recently, the abusive consumption of alcoholic beverages in Brazil was determined to be 19.1% on average and was greater among males (47) . Interestingly, the traditional habit of drinking mate, a kind of hot tea, has been proposed as an additional explanation for the concentration of EC in the South region of the country (48) (49) (50) . Hot mate tea has been associated with different patterns of TP53 mutations, probably due to epigenetic modifications driven by chronic hyperthermic irritation (51) . However, concomitant exposure to other various lifestyle risk factors, including ethanol, tobacco, charcoal-grilled red meat and animal fat, and the low consumption of fruits and vegetables (52) , may render the influence of mate difficult to interpret. Moreover, the potential roles of other elements associated with low living standards still present in several Brazilian municipalities should be considered, such as poor oral hygiene and nutrition, which are also linked to oral and pharyngeal cancer (53) .
The highest EC rates observed in the South region should also be analyzed in the context of specific population features. The Brazilian population is regarded as one of the most heterogeneous in the world due to five centuries of crossings among distinct ethnic origins (54) . The genetic background of the population shows a wide range and variable patterns of admixture, with a major contribution of European ancestry, followed by African and Amerindian contributions (55) . In a recent study, investigators demonstrated the prevalence of the European ancestry among urban populations, which reached almost 80% in the South region versus less than 60% in the North, Northeast, and Central-West regions, increasing along a north-to-south gradient (56) and corroborating the notion that the genetic heterogeneity in Brazil is mostly detected among regions rather than within regions (57) . While the incidence of ESCC is reported to be three-times higher in blacks (58), EAC is markedly more common in whites (58, 59) . In a recent study on EC in Sao Paulo, Southeast Brazil, with more than five hundred cases, investigators found marked predominance rates of both ESCC and EAC among white patients (60). These findings are in agreement with other international studies showing increased incidence rates among whites and may reflect the local predominance of European ancestry as observed throughout South Brazil. Although the methodology of this study does not allow distinction between the major subtypes of EC, the disproportionately high concentrations observed in the Southeast region and particularly in the South region may reflect local ongoing increases in EAC. Notably, Brazil is a continental country with substantial demographic and developmental inequalities throughout its more than five thousand municipalities. In fact, the country is extremely heterogeneous in several aspects, including urbanization, population densities, climate, economy, and industrialization, in addition to cultural, dietary, and even genetic particularities. Thus, the increase in EC rates in Brazil may have been fueled by the acquisition of risk factors typical of modern societies in the last few decades (such as dietary changes and smoking patterns) along with other elements, including industrialization, improvement in the HDI, and the Human Inequality Coefficient.
EC represents a serious malignancy since its incidence continues to increase while its prognosis and mortality rate remain practically unchanged (61, 62) . EC is usually associated with a very poor survival rate, and the geographic distribution of mortality is similar to that of its incidence, with the highest rates per 100,000 inhabitants occurring in Table I . Distribution of esophageal cancer hospitalization and lethality rates in 2005 and 2015 according to urban and rural demographic data. East Asia (14.1) and Southern Africa (12.8) in men and in Eastern (7.3) and Southern Africa (6.2) in women. In this study, we observed a small increase in lethality in females and a relatively stable trend among males. These trends were maintained fairly well in the analysis by age-standardized groups and are also consistent with previous reports (1, 63) . Despite improvements in diagnosis, including the availability of endoscopy, the mortality rate remains unacceptably high in most countries (64) . Nonetheless, reports showing reductions in mortality rates in some countries have been attributed to better surgical results. As surgical treatment represents the best potentially curative option for EC, improved outcomes reflect an increasing number of surgeries in high-volume centers and the implementation of multimodal therapy (65, 66) .
Although the results of this study may allow initial insight into EC behavior and time trends in Brazil due to the collection of information from all 5565 municipalities and the time trend analysis of EC in the country for the first time, some limitations need to be addressed. First, using the available DATASUS database, distinguishing between ESCC and EAC, the two major types of tumors, is impossible given their epidemiological peculiarities. Second, the system does not allow evaluation of information regarding co-morbidities and therapy. Third, differences in the availability and quality of health care in less developed areas of the country may result in potential discrepancies in the available data. Fourth, the analysis based on hospitalization records does not consider outpatients who had not been subjected to medical procedures or hospital admissions. Fifth, the concept of a municipality is probably different in Brazil from that in most countries. In this regard, in addition to geographic heterogeneities, Brazilian cities may show discrepancies in terms of population, with huge differences in densities. Nevertheless, such differences would be regarded as municipal units of the same level in our database. Therefore, considering all these limitations together, the results of this study must be interpreted with caution. Despite the potential limitations of this study, all procedures were rigorously carried out to produce a database containing nationwide information gathered in a single electronic system.
The recent increase in the EC incidence in Brazil follows a global tendency and is concentrated in the population above seventy years of age. Although the current higher rates in the South and Southeast regions may reflect the presence of major environmental factors in association with a possible genetic predisposition, shifts in the incidence from the south towards the north and from urbanized to rural areas have been observed. Such geographic shifts in addition to the relative decrease in EC among individuals under the age of fifty years support the notion of ongoing dynamic changes within the socioeconomic environment. However, the unchanging high mortality associated with EC, along with the rapidly aging population, suggests that EC will remain a critical health issue in Brazil in the near future, potentially imposing significant social and economic burdens.
